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§2. Short Sample Test Results of the Super-
conductors for the Helical Coils of LHD 
Yanagi, N., Yamamoto, J., LHD Group 
Pool-cooled composite-type superconductors 
with NbTi/Cu compacted strands and Cu-2%Ni 
clad pure aluminum stabilizers have been 
fabricated for the helical coils of the Large 
Helical Device (LHD) with the total length of 
more than 36 km [1]. Each product has the unit 
length of 600 to 1100 m and they have been 
supplied to the winding machine in 38 bobbins. 
Short sample tests have been carried out to 
evaluate and inspect the basic properties of all 
the product superconductors, prior to the 
winding of each layer of the helical coils, using 
the test facilities with a 9 T split coil, 100 kA 
current leads and 75 kA DC power supplies. A 
short sample consists of 2 m long four 
conductors which have been individually taken 
from each product, soldered together in series to 
form a W -shape and is vertically inserted into 
the split coil with the 90 %flat top region of~ 
250 mm [2]. Voltage taps, temperature sensors 
and stainless steel resistive heaters are attached 
on the conductor surfaces with the exposure rate 
of 50 % by GFRP spacers. Figure 1 shows the 
measured critical currents and the recovery 
currents as functions of the bias magnetic field 
for all the superconductors. The critical currents 
are in good agreement with the values predicted 
using the critical currents for the single strands, 
taking account of the three dimensional self-field 
effect. The scatter of the measured critical 
currents is in the range of± 4 %at 7 T. Stability 
tests have also been conducted by initiating a 
normal zone with heaters and the recovery 
currents were measured. It should be noted that 
all the measured recovery currents exceeded the 
nominal current for the Phase I operation 
condition of LHD (13.0 kA at 6.9 T) although 
they have rather large scatters ( ~ ± 14 % at 7 T). 
The relation between the measured recovery 
currents and the longitudinal resistance of the 
superconductors after the normal transitions 
suggests that the scatter of the recovery currents 
should be mainly attributed to the variation of 
the resistivity of the stabilizers. Small variation 
in the contact resistance between the Cu-2%Ni 
clad and the pure aluminum may drastically 
enhance the variation in the effective resistivity 
of the stabilizer through the "Hall effect" [2]. 
The finite length of the external magnetic field 
region in the split coil and the variation of the 
exposure rate should be taken into account to 
evaluate the expected recovery currents in the 
helical coils from the measured values with the 
short samples. 
The on-site winding process of the helical 
coils (900 turns) has been successfully 
completed in May, 1996. 
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Fig. 1 (a) Measured critical currents and (b) 
recovery currents vs. the bias magnetic field for 
all the short samples tested in NIFS. 
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